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WRRO RULHQWDWLRQV LQ WKH 3&6 DUH >@ 7KH PHWKRGV RI
DYRLGLQJ WKH VLQJXODULW\ FDQ EH IRXQG LQ 5HIV >@ 7KH
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&VSDFH /DWHU WKH\ GHYHORSHG D
PRGLILHG SDUWLFOH VZDUP RSWLPL]DWLRQ DOJRULWKP WR ILQG DQ
RSWLPDO WUDQVODWLQJ YHFWRU LQ WKH &VSDFH WR FRQWURO WKH
PDFKLQHGVXUIDFHWH[WXUHVDVZHOODVWKHPDFKLQLQJHUURUV>@
*HQJ HW DO >@ JHQHUDWHG VPRRWK WRRO SDWKV IRU VFXOSWXUHG
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6ULMXQWRQJVLUL HW DO >@ SURSRVHG DPHWKRG WRPLQLPL]H WKH
NLQHPDWLFHUURULQILYHD[LVPDFKLQLQJE\LQVHUWLQJDGGLWLRQDO




WKHJHRPHWULFGHYLDWLRQVRI WKH WRROSDWK ,W LVHVSHFLDOO\ WUXH
IRU ILYHD[LV IODQN PLOOLQJ WRRO SDWK 7KH DERYH PHWKRGV RI
VPRRWKLQJ WKH URWDU\ D[HV¶ PRWLRQ RI WKH PDFKLQH WRRO DUH
RQO\DSSOLFDEOHWRSRLQWPLOOLQJQRWIODQNPLOOLQJ)RUDIODQN
PLOOLQJWRROSDWKWKHJHRPHWULFGHYLDWLRQVEHWZHHQWKHFXWWHU
VZHSW VXUIDFH DQG GHVLJQ VXUIDFH VKRXOG EH UHVSHFWHG ZKHQ
VPRRWKLQJ WKH WRROSDWK7KHPHWKRGSURSRVHG LQ5HIV >@
LQFUHDVHG WKH WRRO SDWK VPRRWKQHVV E\PLQLPL]LQJ WKH VWUDLQ
HQHUJ\RI WKH ILYHD[LV IODQNPLOOLQJ WRROSDWK+RZHYHU WKH
WRRO SDWK ZDV UHDOL]HG LQ WKH 3&6 DQG WKH PDFKLQH WRRO
FRQVWUDLQWV ZHUH QRW WDNHQ LQWR DFFRXQW $IIRXDUG HW DO >@
SURSRVHG DQ DOJRULWKP WR GHIRUP WKH WRRO SDWK WR DYRLG WKH
WRRO WUDQVLWLRQLQJ LQ WKH VLQJXODUFRQHDQG WKHGLVSODFHPHQWV





EH DGGUHVVHG IURP WKH SHUVSHFWLYH RI DSSUR[LPDWLQJ WKH WRRO
HQYHORSH VXUIDFH WR WKH GDWD SRLQWV RQ WKH GHVLJQ VXUIDFH
IROORZLQJ WKHPLQLPXP]RQHFULWHULRQ >@)RUDF\OLQGULFDO
FXWWHU*RQJHWDO>@IRUPXODWHGWKHIODQNPLOOLQJWRROSDWK
JHQHUDWLRQ SUREOHP DV D OHDVW VTXDUHV ILWWLQJ SUREOHP RI WKH
WRROHQYHORSHVXUIDFH WR WKHSRLQWFORXGRQ WKHRIIVHWVXUIDFH
RI WKH GHVLJQ VXUIDFH /DWHU WKH\ H[WHQGHG WKLV LGHD WR WKH
JHQHULF URWDU\ FXWWHUV >@ %DVHG RQ WKH VLJQHG SRLQWWR
VXUIDFH GLVWDQFH IXQFWLRQ DQG WKH VZHSW HQYHORSH
UHSUHVHQWDWLRQ RI D JHQHULF URWDU\ FXWWHU =KX HW DO >@







VPRRWK URWDU\ PRWLRQ RI WKH PDFKLQH WRRO 7KH WRRO SDWK LQ
WKLVSDSHU LV UHSUHVHQWHGZLWK WKHFXWWHU ORFDWLRQFXUYH LQ WKH
3&6 DQG WKH WUDMHFWRU\ FXUYHV RI WKH WZR URWDU\ D[HV RI WKH
PDFKLQH WRRO 7KH VPRRWKLQJ LV DSSOLHG GLUHFWO\ LQ WKH
PDFKLQHFRRUGLQDWHV\VWHP0&6 WRFRQWURO WKHD[LVRUGHUV
DQGWKHJHRPHWULFGHYLDWLRQVDUHDOVRWDNHQLQWRDFFRXQW7KH
UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV 7KH
SUHOLPLQDULHVIRUILYHD[LVIODQNPLOOLQJLVSUHVHQWHGLQVHFWLRQ
 LQFOXGLQJ RXU SUHYLRXV ZRUN RQ SRLQWWRVXUIDFH GLVWDQFH
IXQFWLRQEDVHGWRROSDWKRSWLPL]DWLRQ,QVHFWLRQWKHPRGHO




2.1.  Inverse kinematic transformation computation 
,Q ILYHD[LV PDFKLQLQJ WKH WRRO RULHQWDWLRQ JHQHUDWHV WKH




   



















7KH ZD\ WR FRPSXWH WKH VROXWLRQ IRU A DQG C D[LV
PRYHPHQWVFDQEHUHIHUUHGWR5HIV>@
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XVHGWRFRQYHUWWKHWRROSDWKGDWDLQWR1&FRGHREWDLQLQJWKH
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WKUHHVSOLQHFXUYHVWKH&/FXUYHPWLQWKH3&6DQGWKHWZR
VSOLQHV UHSUHVHQWLQJ WKH WUDMHFWRULHV RI WKH WZR URWDU\ D[HV
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2.3. Geometric deviation evaluation 
)RU ILYHD[LV IODQN PLOOLQJ WRRO SDWK WKH JHRPHWULF
GHYLDWLRQ RI D SRLQW RQ WKH GHVLJQ VXUIDFH LV GHILQHG DV WKH
VLJQHG RUWKRJRQDO GLVWDQFH EHWZHHQ WKH SRLQW WR WKH FXWWHU
VZHSWVXUIDFH X DQGWKHGLVWDQFHIXQFWLRQFDQEHFDOFXODWHG
DV
   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%\ UHSUHVHQWLQJ WKH VZHSW HQYHORSH RI D JHQHULF URWDU\
FXWWHU DV D VSKHUHVZHSW VXUIDFH >@ WKH JHRPHWULF
GHYLDWLRQ EHWZHHQ D SRLQW p RQ WKH GHVLJQ VXUIDFH DQG WKH
FXWWHUVZHSWVXUIDFH X FDQEHFDOFXODWHGDVIROORZV
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VROYH (T  LQ WKLV SDSHU DQG WKH SDUDPHWULF FRRUGLQDWH
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3.1. Smoothness measure for the tool path 
7KHWRROSDWKVKRXOGEHVPRRWKHGLQWKH0&6FRQVLGHULQJ
WKH NLQHPDWLF EHKDYLRU RI WKH PDFKLQH WRRO 7R SUHYHQW WKH
GUDPDWLF GLIIHUHQFH RI WKH URWDU\ D[HV EHWZHHQ WZR
QHLJKERULQJFXWWHUSRVWXUHVWKHVPRRWKQHVVRIWKHWRROSDWKLV
PHDVXUHGZLWK(T
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l lA C \ \D D DUH WKH FRQWURO SRLQWV RI WKH WZR URWDU\ D[HV
VSOLQHV 7KH PDWUL[ K FDQ EH FRPSXWHG E\ WKH QXPHULFDO
LQWHJUDWLRQPHWKRG
3.2. Model for smoothness tool path optimization 
7KH WRRO SDWK FDQ EH DSSOLHG D GHIRUPDWLRQ VR WKDW WKH
HQYHORSH VXUIDFH RI WKH WRRO PRYHPHQW EHVW ILWV WKH GHVLJQ
VXUIDFH /HW ^ ` i i n d d\p GHQRWH WKH SRLQW VHW VDPSOHG
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1HZWRQ PHWKRG FDQ EH DSSOLHG WR VROYH LW DQG GHWDLOV RI
VROYLQJ(T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FDQEHIRXQGLQ5HI>@
164   Yaoan Lu et al. /  Procedia CIRP  56 ( 2016 )  161 – 166 
6PRRWKLQJ WKH URWDU\ D[HV¶ PRWLRQV RI WKH PDFKLQH WRRO
QHHGV WR GHIRUP WKH WRRO SDWK +RZHYHU WKH JHQHUDWHG
JHRPHWULF GHYLDWLRQV PLJKW EH WRR JUHDW WR EH DFFHSWDEOH
7KHUHIRUH FRPSURPLVH KDV WR EH PDGH EHWZHHQ WKH
VPRRWKQHVV DQG JHRPHWULF GHYLDWLRQV RI WKH WRRO SDWK 7KH
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
7KHVPRRWKQHVVZHLJKO GHWHUPLQHV WKH UHODWLYH LPSRUWDQFH
EHWZHHQ WKH OHDVW VTXDUHV DQG WKH VPRRWKLQJ WHUP$ELJO 
ZLOO SURGXFH D VPRRWKHU WRRO SDWK ZLWK ODUJHU GHYLDWLRQV ,I
WKHPD[LPDO JHRPHWULF GHYLDWLRQ RI D WRRO SDWK REWDLQHG E\
VROYLQJ (T  ZLWK RQH O FDQQRW PHHW WKH JHRPHWULF
WROHUDQFH UHTXLUHPHQW WKHGLFKRWRP\PHWKRGFDQEHXVHG WR
ILQGRXW WKHRSWLPDOVPRRWKQHVVZHLJK WRPDNH WKHPD[LPDO




7RGHPRQVWUDWH WKH YDOLGLW\ RI WKH SURSRVHGPHWKRG WRRO
SDWKJHQHUDWLRQIRUD6VKDSHVXUIDFHLVJLYHQLQWKLVVHFWLRQ
7KH 6VKDSH VXUIDFH LV SUHVHQWHG LQ )LJ  DQG D
F\OLQGULFDO FXWWHU ZLWK UDGLXV  R mm LV XVHG LQ WKLV WHVW
7KH VSLQGOHWLOWLQJ PDFKLQH WRRO LOOXVWUDWHG LQ )LJ  LV
DGRSWHG  FXWWHU ORFDWLRQV DUH GHWHUPLQHG XVLQJ &KLRX¶V
PHWKRG >@ 7KH SRVLWLRQV RI WKH WZR URWDU\ D[HV RI WKHVH
GLVFUHWH FXWWHU ORFDWLRQV DUH LOOXVWUDWHG LQ )LJV  7KHVH
SRVLWLRQV DUH LQWHUSRODWHG WR REWDLQ WKH HYROXWLRQ RI URWDU\
D[HV A DQG C GXULQJ WKH LQLWLDO WRRO SDWK ZKLFK DUH DOVR
VKRZQ LQ)LJV7KHHYROXWLRQRIA LV VPRRWK+RZHYHU
WKHC D[LV FDUULHV RXW LQFRKHUHQWPRYHPHQWV DQG LW TXLFNO\
YDULHV IURPYDOXHV FORVH WR  D WR  D  ,Q IDFW WKH FXWWHU











HYDOXDWH WKH JHRPHWULF GHYLDWLRQV LV  u  7KH VPRRWK
ZHLJKW LV H:KHQ WKH WRRO RULHQWDWLRQV RI WKH LQLWLDO WRRO
SDWKDUH UHSUHVHQWHG LQ WKH3&6 WKHPD[LPXPXQGHUFXWDQG
RYHUFXW DUH PP DQG PP ,QWHUSRODWLQJ WKH
SRVLWLRQVRIWKHWZRURWDU\D[HVRIWKHVHLQLWLDOFXWWHUORFDWLRQ
GDWD FDQ REWDLQ WKH URWDU\ D[HV VSOLQHV :KHQ WKH WRRO
RULHQWDWLRQV RI WKH LQLWLDO WRRO SDWK DUH UHSUHVHQWHG ZLWK WKH
WZRURWDU\D[HVFXUYHVDVH[SUHVVHGLQ(TWKHPD[LPXP
XQGHUFXWDQGRYHUFXWDUHPPDQGPPUHVSHFWLYHO\
$IWHU WKH RSWLPL]DWLRQ WKH PD[LPXP XQGHUFXW DQG WKH






WKH YDOLGLW\ DQG HIILFLHQF\ RI WKH SURSRVHG DSSURDFK 7KH
RSWLPL]HGWRROSDWKLVSUHVHQWHGLQ)LJ7KHYDOLGDWLRQRI
WKH SURSRVHG DSSURDFK LV YHULILHG E\ JHRPHWULF VLPXODWLRQV
QRW E\PDFKLQLQJ H[SHULPHQWV DQG WKH H[SHULPHQWDO FXWWLQJ
WHVWVZLOOEHFDUULHGRXWODWHU
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DQG FRQWURO WKH URWDU\ D[LV WKH WRRO SDWK LV UHSUHVHQWHGZLWK
WKUHH VSOLQH FXUYHV WKH &/ FXUYH DQG WKH WZR WUDMHFWRU\
FXUYHVRIWKHURWDU\D[HV7KHJHRPHWULFGHYLDWLRQVRIWKHWRRO
SDWK DUH DOVR WDNHQ LQWR DFFRXQW WR VDWLVI\ WKH DFFXUDF\
UHTXLUHPHQW 7KH VPRRWKQHVV RSWLPL]DWLRQ PRGHO LV WKHQ
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